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Introduction

• Genesis of Intelligent Robots

• Terminology

Intelligent Robots

• How to Build Intelligent Robots?

• Challenges

Machine Learning in Robotics: Applications

• Autonomous Driving

• Medical Domain

• Field and Service Robots
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• Related Courses

– Artificial intelligence in summer semesters

– Deep learning in winter semesters

– Robotics II in summer semesters
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• What to expect?

– Applications

– Challenges

– Potentials of machine learning in robotics
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• Genesis of Intelligent Robots

– Mass production and precision → Manipulator robots

– Handling of dangerous material → Teleoperation
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• Genesis of Intelligent Robots …Cont’d

– Space exploration → Telecontrol → Intelligent robots
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• Genesis of Intelligent Robots …Cont’d

– Space exploration → Telecontrol → Intelligent robots
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Spirit travelled :

• 0.8 miles/year

• 1.3 km/year

Opportunity travelled :

• 2 miles/year

• 3.2 km/year [5]

Distance to Mars :

• 56M – 400M km

Signal travel time (one way) :

• 3 – 22 minutes
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• Genesis of Intelligent Robots …Cont’d

– Further motivation for intelligent robots

• Human machine interaction

• Flexible manufacturing

• Complex environments and tasks (uncertainty)

• Intelligent environments

– Intelligent homes, Intelligent industries, etc.

• Control of complex agile mechanical systems
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• Terminology

– What is AI?

– What is machine learning?

– What is deep learning?

– What are robots?

– What is robotics?
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• Terminology …Cont’d

• What is AI? 
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[4]

• Classes if AI: Applied AI, Generalized AI and Super AI
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• Terminology …Cont’d

– What is machine learning?

• Ability of a system to acquire their own knowledge, by extracting 

patterns from raw data [9]

– What is deep learning?

• Is a function approximation method [9]

• It builds a hierarchical representation graph where simpler 

concepts are assembled into complex concepts  
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• Terminology …Cont’d

– What are robots?

• Mechanical systems equipped with one or several effectors 

capable of manipulating the physical world

– What is robotics?

• The study of intelligent

mapping from robot 

perception to action
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• How to Build Intelligent Agents

– Intelligent behavior is conditioned by knowledge―we make decisions 

based on our beliefs about the world

– How to represent intelligence in AI systems → Capabilities
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Core capabilities

Natural language processing (NLP)

Knowledge representation (KR)

Action plan/Reasoning

Learning

Other capabilities

Vision

Robotics
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• How to Build Intelligent Robots

– Understanding and modeling of the involved mechanics―Kinematics 

and dynamics

– Designing actuator controllers―Closed-loop control

– Task-specific motion and path planning

– Sensor integration―Integration of various sensors

– Noise and uncertainty modeling―Filtering and state estimation

– Designing adaptive higher-level control policies―handling new 

situations
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• How to Build Intelligent Robots

– How to integrate intelligence in robots → Robot paradigm 

primitives + intelligent capabilities
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Accepted paradigms

Sense

Plan

Act

Other paradigms

Learn

AI Capabilities
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• How to Build Intelligent Robots

– How to organize robot paradigm primitives → Robotic 

paradigms
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• Hierarchical

• Hybrid (deliberative and reactive)

• Reactive / behavioral
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• How to Build Intelligent Robots
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Sensing

Reasoning

Acting

RobotPerception

NLP

KR
Action 
plan

Learning

Intelligent 
Robot
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• Intelligent Robots ― Perception

– Maps sensor measurements to internal representation of the world

– Classification of sensors

• Proprioceptive sensors 

– measure values internally to the system (robot), e.g. motor speed 

• Exteroceptive sensors 

– information from the environment, like distances to objects, light

• Passive sensors 

– energy coming for the environment 

• Active sensors 

– emit their proper energy and measure the reaction 

– better performance, but some influence on environment 
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• Intelligent Robots ― Perception
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• Intelligent Robots ― Perception
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• Intelligent Robots ― Perception

– Vision: Rich in detail and readily available

• Gives partial observations of the environment 
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Probabilistic approach: Sensor model , P(E|S)

Object model

• Describe objects present in the visual world

• e.g. people, buildings, cars, trees

Rendering model

• Describes the physical, geometric and statistical processes 
that produce the stimulus from the environment
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• Intelligent Robots ― Perception

– Vision: Rich in detail and readily available

• The challenge is which aspects of the visual data to consider 

to achieve our goal

• Solutions include actions based on:

– Feature extraction

– Recognition

– Reconstruction
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• Intelligent Robots ― NLP

– Why natural language processing capability?

• Communicate with humans (HMI)

• Acquisition of information from written language

– Information-seeking tasks

• Text classification

• Information retrieval

• Information extraction

• Text generation
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― Language model representation

• As a set of rules called grammar

• Probability distribution over 

sentences P(S = words)

Probability distributions provide a logical way to 

handle ambiguity. E.g. “He saw her duck”
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• Intelligent Robots ― Knowledge Representation

– Knowledge representation

• Intelligent behavior is conditioned by knowledge

• Knowledge is the relationship between an agent and a proposition

• Reasoning builds our belief about the representation

– Knowledge representation methodologies

• Symbolic representation

• Non-symbolic representation (Connectionism)
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• Intelligent Robots ― Knowledge Representation

– Suitability metrics for KR formalisms

• Epistemological adequacy → Knowledge quality

– Complete and precise environmental representation

• Computational adequacy → Algorithm complexity

– Effective and efficient inference
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Observation: There is a tradeoff between these two 

adequacies, given that the very rich, expressive, and 

epistemologically appealing formalisms are typically 

accompanied by intractable inference problems
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• Intelligent Robots ― Action Plan

– Planning manipulates the model of the world in order to decide what 

actions will bring about the desired effects

– Action planning includes planning and scheduling

– Planning is deliberating about a course of action for an agent to take 

to achieve a given set of goals

– Scheduling is allocating time and or resources to a set of actions such 

that given deadlines are met and resource constraints are respected 

– Normally occur sequentially, plan first, then schedule
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• Intelligent Robots ― Learning

– Learning is the ability to improve a system’s own 

performance or knowledge based on its experience

– Learning schemes of interest in robotics

• Inductive logic learning

• Statistical learning

– Bayesian learning, kernel learning, and neural networks

• Reinforcement learning
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• Does machine learning need robotics?

– Many search engines use techniques developed for robotics (software 

agents)

– Robotics inspire methods for planning (used in operations research)

– Simulation and animation industry (Reinforcement learning 

frameworks and Deep learning simulators

– Kinematics provide additional sensing degrees of freedom (self-

supervised learning and inference enhancement)
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• Does robotics need machine learning?
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RNN

Deep learning

Machine 

learning

Machine 

learning
CNN RobotPerception

NLP

KR

Action plan

Learning

Intelligent 
Robot
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• General Challenges 

– Uncertainty estimation

– Closed-world vs Open-world assumption

– Kinematics integration and active vision

– Independent and identically distributed (iid) data

– End-to-end evaluation. Solving a data set is not solving 

the problem
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• General Challenges 

– The risk of the unknown

– Transferability (static data vs dynamic world applications)

– Extensive training of robots is slow

– Minding the reality gap (simulation and reality)

– Model sizes are still beyond most SoC computers can take
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Questions?



Naturwissenschaftlich-Technische Fakultät

Department Elektrotechnik und Informatik

Institut für Regelungs- und 

Steuerungstechnik
34

References
[1] Precision Agriculture - RMAX. [Online] Available: 

https://www.yamahamotorsports.com/motorsports/pages/precision-agriculture-rmax. 

Accessed on: Apr. 16 2019.

[2] Marine Robotics Systems | Robohub. [Online] Available: https://robohub.org/robots-

marine-robotics-systems/. Accessed on: Apr. 16 2019.

[3] Boston Dynamics Enters Warehouse Robots Market, Acquires Kinema Systems. 

[Online] Available: https://spectrum.ieee.org/automaton/robotics/industrial-robots/boston-

dynamics-warehouse-robots-acquires-kinema-systems. Accessed on: Apr. 16 2019.

[4] Russell, Stuart Jonathan; Norvig, Peter (op. 2010): Artificial intelligence. A modern 

approach. 3rd ed., international ed. Boston: Pearson (Prentice Hall series in artificial

intelligence).

[5] gov, mars nasa: Images | Multimedia Section – NASA’s Mars Exploration Program. 

Available online at 

https://mars.nasa.gov/multimedia/images/?page=0&per_page=25&order=pub_date+desc&s

earch=&condition_1=1%3Ais_in_resource_list&category=51, checked on 4/5/2019.



Naturwissenschaftlich-Technische Fakultät

Department Elektrotechnik und Informatik

Institut für Regelungs- und 

Steuerungstechnik
35

References
[6] https://www.facebook.com/solidsmack/ (2014): Humans Need Not Apply: New Short 

Film Explores the Future of Robots in Manufacturing and Automation - SolidSmack. 

Available online at https://www.solidsmack.com/culture/humans-need-apply-new-short-film-

explores-future-robots-manufacturing-automation/, checked on 4/5/2019.

[7] Wikipedia (Ed.) (2019): Hot cell - Wikipedia. Available online at 

https://en.wikipedia.org/w/index.php?oldid=880311898, updated on 3/30/2019, checked on 

4/5/2019.

[8] R. Siegwart and I. R. Nourbakhsh, Introduction to autonomous mobile robots. 

Cambridge, Mass., London: MIT Press, 2004.

[9] I. Goodfellow, Y. Bengio, and A. Courville, Deep learning. Cambridge, Massachusetts: 

The MIT Press, 2016.

[10] Entertainment Robot "aibo" Announced. [Online] Available: 

https://www.sony.net/SonyInfo/News/Press/201711/17-105E/index.html. Accessed on: Apr. 

16 2019.


